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1-1. Determine the resultant internal normal force acting 
on the cross section through point A in each column. In 
(a), segment BC weighs 180 lb/ft and segment CD weighs 
250 lb/ft. In (b), the column has a mass of 200 kg/m. 



5 kip 



8kN 



(a) +T 2F y = 0; 

(b) +T 2F y = 0; 



F A ~ 1.0 — 3 — 3 — 1.8 — 5 = 0 

F A = 13.8 kip 
F A - 4.5 - 4.5 - 5.89 - 6- 6- 8 = 0 

F A = 34.9 kN 



10 ft 





Ans. 



Ans. 



3 kip I 



4 ft 



4 ft 



200 mm 
6kN 



8 in. \i 
200 mm 
r 3ki P 4.5kNl\ 



-A 
D 



200 mm 
6kN 



3 m 



200 mm 
/ 1 4.5 kN 



lm 



(a) 



(b) 



1-2. Determine the resultant internal torque acting on the 
cross sections through points C and Z).The support bearings 
at A and B allow free turning of the shaft. 

2M X = 0; T c - 250 = 0 

T c = 250 N • m 
2M X = 0; T D = 0 



250 N-m 



150 N-m 

400 N-m 




1-3. Determine the resultant internal torque acting on the 
cross sections through points B and C. 

2M X = 0; T B + 350 - 500 = 0 

T B = 150 lb ■ ft 
2M X = 0; T c - 500 = 0 

T c = 500 lb • ft 




A I \. 6001b-ft 




Ans. x 3 ft 



Ans. 




500 lb-ft 



1 
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*l-4. A force of 80 N is supported by the bracket as 
shown. Determine the resultant internal loadings acting on 
the section through point A. 



80 N 




Equations of Equilibrium: 



0; 



\ + 2iy = 0; 



C + ZM A = 0; 



N A - 80 cos 15° = 0 

N A = 77.3 N 
V A - 80 sin 15° = 0 

V A = 20.7 N 
M A + 80 cos 45°(0.3 cos 30°) 

-80sin45°(0.1 + 0.3 sin 30°) = 0 

M A = -0.555 N-m 



Ans. 



Ans. 



Ans. 



or 

C + 2M A = 0; M A + 80 sin 15°(0.3 + 0.1 sin 30°) 
-80 cos 15°(0.1 cos 30°) = 0 

M A = -0.555 N-m Ans. 
Negative sign indicates that M A acts in the opposite direction to that shown on FBD. 




Son 
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•1-5. Determine the resultant internal loadings in the 
beam at cross sections through points D and E. Point E is 
just to the right of the 3-kip load. 



Support Reactions: For member AB 

Q + ZM B = 0; 9.00(4) - A y (12) = 0 A y = 3.00 kip 
i ZF X = 0; B x = 0 

+ 1X7^ = 0; ^ + 3.00 - 9.00 = 0 B y = 6.00 kip 

Equations of Equilibrium: For point D 

i 2F, = 0; N D = 0 

+ T2F3, = 0; 3.00 - 2.25 - V D = 0 

V D = 0.750 kip 
C +2M D = 0; M D + 2.25(2) - 3.00(6) = 0 

M D = 13.5 kip • ft 

Equations of Equilibrium: For point E 

i SF X = 0; N E = 0 

+ T2F3, = 0; -6.00 - 3 - V E = 0 

y £ = -9.00 kip 
C +2M £ = 0; M E + 6.00(4) = 0 

M £ = -24.0 kip • ft 



Ans. 



Ans. 



Ans. 



Ans. 



Ans. 



Ans. 



Negative signs indicate that M E and V E act in the opposite direction to that shown 
on FBD. 



3 kip 



1.5 kip/ft 




6+ 3 top 



eft 



r 



3 
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1-6. Determine the normal force, shear force, and moment 
at a section through point C. Take P = 8 kN . 

Support Reactions: 

Q +2M A = 0; 8(2.25) - 7(0.6) = 0 T = 30.0 kN 
+ 



0.5 m 



ZF X = 0; 
+ t2F y = 0; 



30.0 - A=0 



A y - 8 = 0 



30.0 kN 



A v = 8.00 kN 




B 

=6H 



A 



0.75 m- 



-0.75 m- 



Equations of Equilibrium: For point C 

+ 



^F x = 0; 
+ t2F y = 0; 
C +2M C = 0; 



-N c - 30.0 = 0 

N c = -30.0 kN 
V c + 8.00 = 0 

V c = -8.00 kN 
8.00(0.75) - M c = 0 
M c = 6.00 kN • m 



Ans. 



Ans. 



Ans. 





• 




V* 7 















6hJ 



Negative signs indicate that N c and V c act in the opposite direction to that shown 
on FBD. 



1-7. The cable will fail when subjected to a tension of 2 kN. 
Determine the largest vertical load P the frame will support 
and calculate the internal normal force, shear force, and 
moment at the cross section through point C for this loading. 

Support Reactions: 

Q +2M A = 0; P(2.25) - 2(0.6) = 0 

P = 0.5333 kN = 0.533 kN 
2-^=0 A =2.00kN 




Ans. 



0; 
0; 



A y - 0.5333 = 0 Ay = 0.5333 kN 



Equations of Equilibrium: For point C 

+ 




ZF X = 0; 



+ UF y = 0; 



C +2M C = 0; 



-N c - 2.00 = 0 
N c = -2.00 kN 
V c + 0.5333 = 0 

V c = -0.533 kN 
0.5333(0.75) - M c = 0 
M c = 0.400 kN • m 



Ans. 



Ans. 



Ans. 



Negative signs indicate that A^ c and V c act in the opposite direction to that shown 
on FBD. 
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*l-8. Determine the resultant internal loadings on the 
cross section through point C. Assume the reactions at 
the supports A and B are vertical. 

Referring to the FBD of the entire beam, Fig. a, 

C +^M B = 0; -A y (4) + 6(3.5) + - (3)(3)(2) = 0 A y = 7.50 kN 

Referring to the FBD of this segment, Fig. b, 

i ZF X = 0; N c = 0 

+ T2Fj, = 0; 7.50-6-^ = 0 V c = 1.50 kN 

C+2M C = 0; M c + 6(0.5) - 7.5(1) = 0 M c = 4.50 kN-m 



6kN 



3kN/m 




0.5 m 



0.5 m 



-1.5m 



D ZC 

■ 1.5 m -I 



Ans. 
Ans. 
Ans. 





«0 



•1-9. Determine the resultant internal loadings on the 
cross section through point D. Assume the reactions at 
the supports A and B are vertical. 

Referring to the FBD of the entire beam, Fig. a, 



Q + 2M A = 0; B y (4) - 6(0.5) - - (3) (3) (2) = 0 B y = 3.00 kN 



Referring to the FBD of this segment, Fig. b, 
+ 



6kN 



3kN/m 




0.5 m 



0.5 m 



-1.5m- 



■ 1.5 m J 



2F r = 0; 



N D = 0 



1 



+ l2F y = 0; V D - -(1.5)(1.5) + 3.00 = 0 V D = -1.875 kN 



Ans. 
Ans. 



C +2M D = 0; 3.00(1.5) - - (1.5)(1.5)(0.5) — M D = 0 M D = 3.9375 kN-m 

= 3.94 kN • m Ans. 



2//'5~> o*5m 




(a) 



00 



5 
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1-10. The boom DF of the jib crane and the column DE 
have a uniform weight of 50 lb/ft. If the hoist and load weigh 
300 lb, determine the resultant internal loadings in the crane 
on cross sections through points A, B, and C. 



D/ .B 



5 ft 



7 ft 



•A F 



■ ft— 8 ft- 



-3 ft- 



300 lb 



lo fiJ U I rfti 



Equations of Equilibrium: For point A 
+ 



■2 F = 0; 



+ t2F y = 0; 



N A = 0 



V A - 150 - 300 = 0 



Ans. 



Ans. 



V A = 450 lb 

C +2M A = 0; -M A - 150(1.5) - 300(3) = 0 

M A = -1125 lb • ft = -1.125 kip • ft Ans. 

Negative sign indicates that M A acts in the opposite direction to that shown on FBD. 




50<jU*S5oH> 



V 



*5M 



Equations of Equilibrium: For point B 

+ 



2*Jt " SSjt 



JOO/6 



Ans. 



Ans. 



2^ = 0; N B = 0 

+ T2 = 0; Vb - 550 - 300 = 0 

Vg = 850 lb 

C+M 5 = 0; -M fl - 550(5.5) - 300(11) = 0 

M B = -6325 lb • ft = -6.325 kip • ft Ans. 

Negative sign indicates that M B acts in the opposite direction to that shown on FBD. 



JOO/b 



Equations of Equilibrium: For point C 

+ 



^, = 0; 
+ = 0; 



C +2M C = 0; 



y c = o 

-Afc - 250 - 650 - 300 = 0 

A c = -12001b = -1.20 kip 
-M c - 650(6.5) - 300(13) = 0 
M c = -8125 lb -ft = -8.125 kip -ft 



Ans. 



Ans. 



Ans. 



Negative signs indicate that A c and M c act in the opposite direction to that shown 
on FBD. 
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1-11. The force F = 80 lb acts on the gear tooth. 
Determine the resultant internal loadings on the root of the 
tooth, i.e., at the centroid point A of section a-a. 

Equations of Equilibrium: For section a-a 
V2/v = 0; V A - 80 cos 15° = 0 

V A = 77.3 lb 
\ + 2F y = 0; N A - 80 sin 15° = 0 

N A = 20.7 lb 

C + 2M A = 0; -M A - 80 sin 15°(0.16) + 80 cos 15°(0.23) = 0 

M A = 14.5 lb • in. 



80 lb 



F = 80 lb 



0.23 in 




Ans. 



Ans. 



Ans. 




0.16 in. 



*1-12. The sky hook is used to support the cable of a 
scaffold over the side of a building. If it consists of a smooth 
rod that contacts the parapet of a wall at points A, B, and C, 
determine the normal force, shear force, and moment on 
the cross section at points D and E. 



Support Reactions: 

+ T 2/^ = 0; N B - 18 = 0 A^ = 18.0kN 
i+2M c = 0; 18(0.7) - 18.0(0.2) - N A (0.1) = 0 

N A = 90.0 kN 

■i ZF X = 0; N c - 90.0 = 0 N c = 90.0 kN 

Equations of Equilibrium: For point D 



ZF=0: 



+ T2F y = 0; 



M D = 0; 



V D - 90.0 = 0 

V D = 90.0 kN 
N D - 18 = 0 

N D = 18.0 kN 

M D + 18(0.3) - 90.0(0.3) = 0 

M D = 21.6 kN-m 



Equations of Equilibrium: For point E 

iEF x = 0; 90.0 - V E = 0 

V E = 90.0 kN 

N E = 0 

1+M £ = 0; 90.0(0.2) - M E = 0 

M £ = 18.0 kN • m 



+ t2F y = 0: 




^0.2 m^M).2 m- 



5 


/ 


1 


■ 










D 






E 


A 














m 







0.2 m 



0.2 m 



C 



18 kN 



Ans. 
Ans. 

Ans. 

Ans. 
Ans. 

Ans. 



p j r | 



— 9oo to) 



Mi 
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•1-13. The 800-lb load is being hoisted at a constant speed 
using the motor M, which has a weight of 90 lb. Determine 
the resultant internal loadings acting on the cross section 
through point B in the beam. The beam has a weight of 
40 lb/ft and is fixed to the wall at A. 



^F x = 0; - N B - 0.4 = 0 
N B = - 0.4 kip 
+ T2F3, = 0; V B - 0.8 - 0.16 = 0 
V B = 0.960 kip 

C + ZM B = 0; — M B — 0.16(2) - 0.8(4.25) + 0.4(1.5) = 0 
M B = -3.12 kip ■ ft 




Ans. 




06 



1-14. Determine the resultant internal loadings acting on 
the cross section through points C and D of the beam in 
Prob. 1-13. 



^ — M 



1.5 ft 



D- 
4 ft — 



-4ft- 



3 ft 



3 ft 



-4ft- 



For point C: 

i- ^F x = 0; N c + 0.4 = 0; N c = ~ 0.4kip 
+ T J,F y = 0; V c - 0.8 - 0.04 (7) = 0; V c = 1.08 kip 
C + 2M C = 0; - M c - 0.8(7.25) - 0.04(7)(3.5) + 0.4(1.5) = 0 
M c = -6.18 kip -ft 

For point D: 

i ZF X = 0; N D = 0 

+ T2F y = 0; V D - 0.09 - 0.04(14) - 0.8 = 0; V D = 1.45 kip 
C +^M D = 0; — M D — 0.09(4) - 0.04(14)(7) - 0.8(14.25) = 0 
M D = -15.7 kip -ft 



Ans. 
Ans. 

Ans. 

Ans. 
Ans. 

Ans. 



0.25 ft 




u 



1*4 



8 
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1-15. Determine the resultant internal loading on the 
cross section through point C of the pliers. There is a pin at 
A, and the jaws at B are smooth. 

+ t 2/^ = 0; -V c + 60 = 0; V c = 60N 
i SF X = 0; N c = 0 

+ !)2M C = 0; -M c + 60(0.015) = 0; M c = 0.9N.m 



20 N 



-120 mm- 



- 40 mm - 




-80 mm 



20 N 




'Com 



*1-16. Determine the resultant internal loading on the 
cross section through point D of the pliers. 

\+2F y = 0; V D - 20 cos 30° = 0; V D = 17.3 N 

W^F X = 0; N D - 20 sin 30° = 0; N D = 10 N 

+ !)2M D = 0; M D - 20(0.08) = 0; M D = 1.60 N.m 



20 N 



-120 mm 



*■ 


^40 mm 




15 mrru 







3o* 





-80 mm 



20 N 
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•1-17. Determine resultant internal loadings acting on 
section a-a and section b-b. Each section passes through 
the centerline at point C. 

Referring to the FBD of the entire beam, Fig. a, 

C + ZM A = 0; N B sin 45°(6) - 5(4.5) = 0 N B = 5.303 kN 

Referring to the FBD of this segment (section a-a), Fig. b, 
+/2iY = 0; K-a + 5.303 cos 45° = 0 N a _ a = -3.75 kN 
+\ 2iy = 0; V a - a + 5.303 sin 45° - 5 = 0 V a - a = 1.25 kN 



Ans. 
Ans. 



C + 2M C = 0; 5.303 sin 45°(3) - 5(1.5) - M a _ a = 0 M a _ a = 3.75 kN • m Ans. 

Referring to the FBD (section b-b) in Fig. c, 
+ 




2,F X = 0; N b - b - 5 cos 45° + 5.303 = 0 N b - b = -1.768 kN 

= -1.77 kN 

+ t2,F y = 0; V b - b - 5 sin 45° = 0 V b - b = 3.536 kN = 3.54 kN 
C +2M C = 0; 5.303 sin 45° (3) - 5(1.5) - M b _ b = 0 

M b _ b = 3.75 kN • m 



Ans. 
Ans. 

Ans. 





Mr 5-303 




10 
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1-18. The bolt shank is subjected to a tension of 80 lb. 
Determine the resultant internal loadings acting on the 
cross section at point C. 




Segment AC: 

■i ZF X = 0; N c + 80 = 0; N c = -80 lb 

+ \j,F y = 0\ V c = 0 

Q +SM C = 0; M c + 80(6) = 0; M c = -480 lb • in. 



Mi 



Ans. 
Ans. 
Ans. 




bo* 



1-19. Determine the resultant internal loadings acting on 
the cross section through point C. Assume the reactions at 
the supports A and B are vertical. 



6 kip /ft 



6 kip /ft 



r 



3 ft 



3 ft 



5 n 

6 ft -I 



Referring to the FBD of the entire beam, Fig. a, 

C+ ^M B = 0; ~(6)(6)(2) + | (6)(6)(10) - A y (12) = 0 A y = 18.0 kip 
Referring to the FBD of this segment, Fig. b, 
i ZF X = 0; N c = 0 



Ans. 



+ 127^ = 0; 18.0 - - (3)(3) - (3)(3) - V c = 0 V c = 4.50 kip Ans. 



C +2M C = 0; M c + (3)(3)(1.5) + - (3)(3)(2) - 18.0(3) = 0 

M c = 31.5 kip ■ ft 



Ans. 



6ft 



* ! 



a 



11 
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*l-20. Determine the resultant internal loadings acting 
on the cross section through point D. Assume the reactions 
at the supports A and B are vertical. 

Referring to the FBD of the entire beam, Fig. a, 

C +2M S = 0; | (6)(6)(2) + | (6)(6)(10) - A y (12) = 0 A y = 18.0 kip 

Referring to the FBD of this segment, Fig. b, 
i ZF X = 0; N D = 0 



6 kip /ft 



6 kip /ft 



X 



3 ft 



3 ft- 



— - 6 ft - —I 



+ t2F, = 0; 



18.0 - | (6)(6) - V D = 0 V D = 0 



C + ^M A = 0; M D - 18.0 (2) = 0 M D = 36.0 kip • ft 



Ans. 
Ans. 
Ans. 




3 j-j^Mp 



H — 7^ 

3# 
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1-22. The floor crane is used to lift a 600-kg concrete pipe. 
Determine the resultant internal loadings acting on the 
cross section at G. 



0.2 nu 

0.2 m^ ^ 0.4 m 

( u 0.6 m 



G 



0.3 m 



H C 




0.5 m 




Support Reactions: We will only need to compute ¥ EF by writing the moment 
equation of equilibrium about D with reference to the free-body diagram of the 
hook, Fig. a. 



Q+ZM D = 0; 



F EF (03) - 600(9.81)(0.5) = 0 



F EF = 9810 N 



Internal Loadings: Using the result for ¥ EF , section FG of member EF will be 
considered. Referring to the free-body diagram, Fig. b y 



9810 - N G = 0 



- = 0; 
+ tSF y = 0; V G = 0 
C+2M G = 0; M G = 0 



N G = 9810 N = 9.81 kN 



Ans. 
Ans. 
Ans. 




Ms 



V* 



6*) 
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1-23. The floor crane is used to lift a 600-kg concrete pipe. 
Determine the resultant internal loadings acting on the 
cross section at H. 



0.2 nu 
0.2 m^ ^ 0.4 m 

f \ 0.6 m 




Support Reactions: Referring to the free-body diagram of the hook, Fig. a. 
C+2M F = 0; D x (03) - 600(9.81)(0.5) = 0 D x = 9810 N 



+ = 0; D y - 600(9.81) = 0 



D v = 5886 N 



Subsequently, referring to the free-body diagram of member BCD, Fig. b, 
Q +SM S = 0; F AC sin 75°(0.4) - 5886(1.8) = 0 F AC = 27 421.36 N 
■i ZF X = 0; B x + 27 421.36 cos 75° - 9810 = 0 B x = 2712.83 N 
+ T J,F y = 0; 27 421.36 sin 75° - 5886 - B y = 0 B y = 20 601 N 

Internal Loadings: Using the results of B x and B , section BH of member BCD will 
be considered. Referring to the free-body diagram of this part shown in Fig. c, 

+ 



^F x = 0; N H + 2712.83 = 0 N H 
+ t2Fj, = 0; -V H - 2060 = 0 V H 
C+2M D = 0; M H + 20601(0.2) = 0 M H = -4120.2 N-m 



2712.83 N = -2.71 kN Ans. 
-20601 N = -20.6 kN Ans. 



= -4.12 kN-m Ans. 

The negative signs indicates that N H , V H , and M H act in the opposite sense to that 
shown on the free-body diagram. 




(A) 



('4m 



ft, 



15 



7 




AO 



CO 
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*l-24. The machine is moving with a constant velocity. It 
has a total mass of 20 Mg, and its center of mass is located at 
G, excluding the front roller. If the front roller has a mass of 
5 Mg, determine the resultant internal loadings acting on 
point C of each of the two side members that support the 
roller. Neglect the mass of the side members. The front 
roller is free to roll. 




Support Reactions: We will only need to compute N A by writing the moment 
equation of equilibrium about B with reference to the free-body diagram of the 
steamroller, Fig. a. 



C +^M B = 0; N A (5.5) - 20(10 3 )(9.81)(1.5) = 0 



N A = 53.51(H) 3 ) N 



Internal Loadings: Using the result for N A , the free-body diagram of the front roller 
shown in Fig. b will be considered. 



2F X = 0; 2N C = 0 
+ = 0; 2V C + 53.51(H) 3 ) - 5(10 3 )(9.81) = 0 



N c = 0 Ans. 

V c = -2229.55 N 
= -2.23 kN Ans. 



C+2M C = 0; 53.51(10 3 )(2) - 5(10 3 )(9.81)(2) - 2M C = 0 M c = 4459.10 N-m 



= 4.46 kN • m Ans. 





ft 



0>J 
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•1-25. Determine the resultant internal loadings acting on 
the cross section through point B of the signpost. The post is 
fixed to the ground and a uniform pressure of 7 lb/ft 2 acts 
perpendicular to the face of the sign. 



^F x = 0; 


(Yb)x ~ 


105 = 0; 


(V B ) X = 1051b 


Ans. 


2F y = 0; 


<y B ) y = 


0 




Ans. 


ZF Z = 0; 


(N B )z = 


0 




Ans. 


2M X = 0; 


(M B ) X 


= 0 




Ans. 


2M y = 0; 


(M B )y 


- 105(7.5) = 


0; (M B ) y = 788 lb • ft 


Ans. 


SM, = 0; 


(T B ) Z - 


105(0.5) = ( 


); (T B ) Z = 52.5 lb • ft 


Ans. 





1-26. The shaft is supported at its ends by two bearings A 
and B and is subjected to the forces applied to the pulleys 
fixed to the shaft. Determine the resultant internal 
loadings acting on the cross section located at point C. The 
300-N forces act in the —z direction and the 500-N forces 
act in the +x direction. The journal bearings at A and B 
exert only x and z components of force on the shaft. 



250 mm 



2F, = 0; 


(V c ) x + 1000 - 750 = 0; (V c ) x = 


-250 N 


Ans. 


J.F y = 0; 


(N C )y = 0 




Ans. 


ZF Z = 0; 


(V c ) z + 240 = 0; (V C ), = -240N 




Ans. 


2M X = 0; 


(M c ) x + 240(0.45) = 0; (M c ) x = 


-108 N-m 


Ans. 


2M y = 0; 


(T C )y = 0 




Ans. 


2M Z = 0; 


(M c ) z - 1000(0.2) + 750(0.45) = 0; 


(M c ) z = 


-138 N-m Ans. 




9*" ^ 



W 240* 
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1-27. The pipe has a mass of 12 kg/m. If it is fixed to the 
wall at A, determine the resultant internal loadings acting on 
the cross section at B. Neglect the weight of the wrench CD. 




ZF Y = 0: 



ZF y = 0: 
= 0: 



Ans. 
Ans. 



Ans. 



(N B ) X = 0 

<y B ) y = o 

(V B ) Z - 60 + 60 - (0.2)(12)(9.81) - (0.4)(12)(9.81) = 0 
(V B ) Z = 70.6N 

ZM X = 0; (T B ) X + 60(0.4) - 60(0.4) - (0.4)(12)(9.81)(0.2) = 0 

(T B ) X = 9.42 N ■ m Ans. 

2M y = 0; (M B ) y + (0.2)(12)(9.81)(0.1) + (0.4)(12)(9.81)(0.2) - 60(0.3) = 0 
(M B ) y = 6.23 N • m Ans. 

2M Z = 0; (M B ) Z = 0 Ans. 
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*l-28. The brace and drill bit is used to drill a hole at O. If 
the drill bit jams when the brace is subjected to the forces 
shown, determine the resultant internal loadings acting on 
the cross section of the drill bit at A. 




Internal Loading: Referring to the free-body diagram of the section of the drill and 

brace shown in Fig. a, 



2F, = 0; 


[V A ) X - 30 = 0 




x = 30 lb 


Ans. 


2F y = 0; 


(N A ) y -50 = 0 


(N A 


) y = 50 lb 


Ans. 


2F Z = 0; 


(v A ) z - 10 = 0 


fa) 


z = 101b 


Ans. 


~EM X = 0; 


(M A ) X - 10(2.25) = 0 


K 


) x = 22.5 lb • ft 


Ans. 


2M y = 0; 


(T A ) y ~ 30(0.75) = 0 


fa) 


y = 22.5 lb • ft 


Ans. 


2M Z = 0; 


(M A ) Z + 30(1.25) = 0 


K 


z = -37.5 lb ■ ft 


Ans. 



The negative sign indicates that (M A ) Z acts in the opposite sense to that shown on 
the free-body diagram. 
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•1-29. The curved rod has a radius r and is fixed to the 
wall at B. Determine the resultant internal loadings acting 
on the cross section through A which is located at an angle 6 
from the horizontal. 



Equations of Equilibrium: For point A 

\+^F x = 0; P cos 6 - N A = 0 

N A = P cos 6 

S+ZF y = 0; V A - P sin 6 = 0 

V A = P sin e 
= 0; M A — P[r(l - cos 6)] = 0 
M A = Pr(l - cos 0) 




Ans. 



Ans. 



Ans. 
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1—30. A differential element taken from a curved bar is 








M _i_ T + AT 
Ivl \ CllVl * ~ Ul 


shown in the figure. Show that dN/d0 = V, dV/dO = —N, 








NPv^V + dN 


dM/d0 = -T, and dT/d0 = M. 






V H 


ZF X = 0; 










dO Tr . dO /A7 IA7X dO /T7 IT7X . dO 
N cos — + V sm — - - (N + dN) cos — + (V + dV) sin — 
2 2 2 2 


= 0 


(1) 


N/<>\ 




SF y = 0; 

at • ^ t, ^ m JA7 , . ^ /T , JT ^ dO 
N sin — - V cos — + (iV + diV) sin — + (V + d V) cos y 


= 0 


(2) 






ZM X = 0; 










T cos — + Af sin — - (T + dT) cos — + (M + dM) sin — 


= 0 


(3) 






2M y = 0; 










dO dO dO dO 
T sin — - M cos — + (T + dT) sin — + (M + dM) cos y 


= 0 


(4) 






dO . , , , . dO dO dO 
Since — - is can add, then sin — - = — -, cos — - = 1 
2 2 2 2 








T — 


Eq. (1) becomes VdO - dN + = 0 










Neglecting the second order term, VdO - dN = 0 










^ = V QED 










Eq. (2) becomes NdO + dV + = 0 






K 




Neglecting the second order term, NdO + dV = 0 










dV 

— = —N QED 
dO 










dMdO 

Eq. (3) becomes MdO - dT + — - — = 0 










Neglecting the second order term, MdO - dT = 0 










dT 

—— = M QED 
dO 










Eq. (4) becomes TdO + dM + = 0 










Neglecting the second order term, TdO + dM = 0 










dM _ 

— = -r QED 
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1-31. The column is subjected to an axial force of 8 kN, 
which is applied through the centroid of the cross-sectional 
area. Determine the average normal stress acting at section 
a-a. Show this distribution of stress acting over the area's 
cross section. 



75 mm 

~V / 10 mm 



10 mm 



A = (2)(150)(10) + (140)(10) 

= 4400 mm 2 = 4.4 (10" 3 ) m 2 

P 8 (10 3 ) 

a = — = - — \- = 1.82 MPa 

A 4.4 (10" 3 ) 



Ans. 





*l-32. The lever is held to the fixed shaft using a tapered 
pin AB, which has a mean diameter of 6 mm. If a couple is 
applied to the lever, determine the average shear stress in 
the pin between the pin and lever. 




# 12 mm 



250 mm - 



- 250 mm 




20 N 



20 N 



C+2M 0 = 0; -F(12) + 20(500) = 0; 
V 833.33 



833.33 N 



7T/ 6 \2 

4 UOOOJ 



29.5 MPa 



Ans. 



20" 
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•1-33. The bar has a cross-sectional area A and is 
subjected to the axial load P. Determine the average 
normal and average shear stresses acting over the shaded 
section, which is oriented at 0 from the horizontal. Plot the 
variation of these stresses as a function of 6 (0 < 0 < 90°). 

Equations of Equilibrium: 

\+ZF x = 0; V - P cos 6 = 0 V = P cos 6 
S+ZF y = 0; TV - P sin 9 = 0 TV = P sin 6 

Average Normal Stress and Shear Stress: Area at 6 plane, A' 
N P sin 0 P 




— ^ 



sin 0' 



A' 



A 
sin 6 



sin 2 0 



Ans. 



V_ 
A' 



PcosO 



A 
sin 6 




A 



sin 0 cos 0 



2A 



sin 20 



Ans. 




i — 9(^) 



1-34. The built-up shaft consists of a pipe AB and solid 
rod BC. The pipe has an inner diameter of 20 mm and outer 
diameter of 28 mm. The rod has a diameter of 12 mm. 
Determine the average normal stress at points D and E and 
represent the stress on a volume element located at each of 
these points. 

At D: 

P 4(10 3 ) 

o- D = — = — 97 13.3 MPa (C) 

D A f (0.028 2 - 0.02 2 ) v ) 



4kN 



B ^ 6kN 



0 r ^ 

( D 6kl 



C 



-8kN 



6kN E 



At E: 



P _ 8(10 3 ) 
A ~ f (0.012 2 ) 



70.7 MPa (T) 



Ans. 



Ans. 
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1-35. The bars of the truss each have a cross-sectional 
area of 1.25 in 2 . Determine the average normal stress in 
each member due to the loading P = 8 kip. State whether 
the stress is tensile or compressive. 




0.75 P 



Joint A : 



Fab 
(Tab = A 

^ab 


13 33 
= L25 =10.7ksi 


(T) 


Ans. 


Fae 

O-AE ~ A 


= = 8.53 ksl 


(C) 


Ans. 


Joint E: 








Fed 
ved = A 

A ED 


= l 1 °; 6 7 = 8.53ksi 
1.25 


(Q 


Ans. 


Feb 
o-eb ~ A 

A EB 


= ^ = 4.80 ksi 
1.25 


(T) 


Ans. 


Joint B: 








Fbc 

O-BC = 

A BC 


2933 0*2* V 

= „ = 23.5 ksi 
1.25 


(T) 


Ans. 


Fbd 
<?bd = A 

A BD 


23.33 
= 125 =18.7 ksi 


(C) 


Ans. 



8 



A 
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*l-36. The bars of the truss each have a cross-sectional 
area of 1.25 in 2 . If the maximum average normal stress in 
any bar is not to exceed 20 ksi, determine the maximum 
magnitude P of the loads that can be applied to the truss. 



F AB = (1.667)P 



Joints!: 



+ 1 SF V = 0; -P + 



-» 2F, = 0; -F AE + (1.667)P(j J = 0 
F AE = (1.333)P 

Joint E: 

+ l2F y = 0; F EB - (0.75)P = 0 

Feb = (0.75)P 

■i 2P, = 0; (1.333)P - F ED = 0 

Fed = (1.333)P 



Joint B: 

+ = 0; 



1)Fbd ~ (0-75)P - (1.667)pf|j = 0 



F BD = (2.9167)P 



■i = 0; P BC - (2.9167)p(|J - (1.667)p(| J 

F BC = (3.67)P 

The highest stressed member is #C: 
(3-67)P 
^ C 1.25 
P = 6.82 kip 




Ans. 



0.75 P 
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•1-37. The plate has a width of 0.5 m. If the stress distri- 
bution at the support varies as shown, determine the force P 
applied to the plate and the distance d to where it is applied. 



4 m 




a = (15x i/z ) MPa 



30 MPa 



The resultant force dF of the bearing pressure acting on the plate of area dA = bdx 
= 0.5 dx, Fig. a, 

dF = a b dA = (15x5)(10 6 )(0.5dx) = 7.5(10 6 )x^ dx 



7.5(10 6 )x^ dx - P = 0 



+ ]2,F y = 0; jdF-P = 0 

JO 

P = 40(10 6 ) N = 40 MN 

Equilibrium requires 

C +2M 0 = 0; J xdF - Pd = 0 

x[7.5(10 6 )x5 dx] - 40(10 6 ) d = 0 



Ans. 



d = 2.40 m 



Ans. 
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1-38. The two members used in the construction of an 
aircraft fuselage are joined together using a 30° fish-mouth 
weld. Determine the average normal and average shear 
stress on the plane of each weld. Assume each inclined 
plane supports a horizontal force of 400 lb. 

N - 400 sin 30° = 0; N = 200 lb 
400 cos 30° - V = 0; V = 346.41 lb 



A' 



_ 1-5(1) = 
" sin 30° 

N 200 



3 in 2 



A' 

V 
A' 



3 

346.41 
3 



= 66.7 psi 
115 psi 



800 lb 



Ans. 
Ans. 



1.5 in. 



linj 
lin. 



30° 




30° 



800 lb 




1-39. If the block is subjected to the centrally applied 
force of 600 kN, determine the average normal stress in the 
material. Show the stress acting on a differential volume 
element of the material. 



50 mm 
mm 

100 mm 
50 mm 



The cross-sectional area of the block is A = 0.6(0.3) - 0.3(0.2) = 0.12 m 2 . 



P _ 600(10 3 ) 
A " 0.12 




5(10 6 ) Pa = 5 MPa 



Ans. 



The average normal stress distribution over the cross-section of the block and the 
state of stress of a point in the block represented by a differential volume element 
are shown in Fig. a 
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*l-40. The pins on the frame at B and C each have a 
diameter of 0.25 in. If these pins are subjected to double 
shear, determine the average shear stress in each pin. 

Support Reactions: FBD(a) 

C +2M g = 0; 500(6) + 300(3) - D y (6) = 0 



D y = 650 lb 



<- 2F X = 0; 
+ = 0; 

From FBD (c), 



500 - E= 0 



650 - 300 - E v = 0 



E T = 



500 lb 
350 lb 



C+2M 5 = 0; C y (3) - 300(1.5) = 0 C = 1501b 



+ t2F y = 0; 



From FBD (b) 

C +^M A = 0; 



B y + 150 - 300 = 0 By = 150 lb 

150(1.5) + B x (3) - 650(3) = 0 
B r = 575 lb 



From FBD (c), 

■i 2F T = 0; C r - 575 = 0 



C x = 575 lb 



Hence, F B = F c = 2 575 2 + 150 2 = 594.24 lb 

Average shear stress: Pins B and C are subjected to double shear as shown on FBD (d) 

( \ - ( \ _ v _ 29112 

\ r B)avg K T C)avg * 7r/ no< 2\ 



A f(0.25 2 ) 

= 6053 psi = 6.05 ksi 



Ans. 



-3 ft + 3 ft A 

500 lb < A 

A 




5oo fb 




500 ib 




0j 3ooib n 



6^3 /b <>J 




c<0 
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•1-41. Solve Prob. 1-40 assuming that pins B and C are 
subjected to single shear. 



Support Reactions: FBD(a) 

C +^M g = 0; 500(6) + 300(3) - D y (6) = 0 



D y = 650 lb 



ZF X = 0; 500 - E x = 0 



E x = 500 lb 



+ TE^ = 0; 650 - 300 -^ = 0 ^ = 3501b 
From FBD (c), 

C +^M B = 0; C y (3) - 300(1.5) = 0 C y = 150 lb 

+ t2Fj, = 0; By + 150 - 300 = 0 B y = 1501b 

From FBD (b) 

i+2M A = 0; 150(1.5) + B x (3) - 650(3) = 0 

B x = 575 lb 



From FBD (c), 

■i 2F X = 0; C x - 575 = 0 



C Y = 575 lb 



Hence, F B = F c = 2 575 z + 150 2 = 594.24 lb 

Average shear stress: Pins B and C are subjected to single shear as shown on FBD (d) 
V 594.24 



A f(0.25 2 ) 

= 12106 psi = 12.1 ksi 



Ans. 



ft -f 3 ft 




5oo Ik 




At 



500 ik 



3}t 



3>t 




£7 3oo/4» / 

cc; 



650 /fc t b J 




«0 
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1-42. The pins on the frame at D and E each have a 
diameter of 0.25 in. If these pins are subjected to double 
shear, determine the average shear stress in each pin. 



3 ft 

500 lb 



Support Reactions: FBD(a) 

C +2M £ = 0; 500(6) + 300(3) - D y (6) = 0 




D y = 650 lb 



1F X = 0; 500 - E x = 0 



E x = 500 lb 



5oo ib 



+ / \^F y = 0; 650 - 300 -^ = 0 ^ = 3501b 

Average shear stress: Pins D and E are subjected to double shear as shown on FBD 
(b) and (c). 

For Pin D, F D = D y = 650 lb then V D = *f = 325 lb 

, v Vd_ 325 



A D f(0.25) 2 

= 6621 psi = 6.62 ksi 




Ans. 



For Pin E, F E = 2 500 2 + 350 2 = 610.32 lb then V E = -j = 305.16 lb 

Ve = 305.16 
(T£)avg A E f(0.25 2 ) 

= 6217 psi = 6.22 ksi 



Ans. 



fat* " 

ft - Ik 
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1-43. Solve Prob. 1-42 assuming that pins D and E are 
subjected to single shear. 

Support Reactions: FBD(a) 

C +2M £ = 0; 500(6) + 300(3) - D y (6) = 0 



D y = 650 lb 



ZF X = 0; 500 - E x = 0 
+ ]^F y = 0; 650 - 300 - E y 



0 



E Y = 500 lb 



E y = 350 lb 



ft -f 3 ft 



Average shear stress: Pins D and E are subjected to single shear as shown on FBD 
(b) and (c). 




For Pin D, V D = F D = D y = 650 lb 

( , Vp_ 650 
{TDhvg A D f(0.25 2 ) 

= 13242 psi = 13.2 ksi 



5oo ib 



Ans. 



For Pin E,V E = F E = 2 500 2 + 350 2 = 610.32 lb 

V E 610.32 
(T£)avg A E f(0.25 2 ) 

= 12433 psi = 12.4 ksi 




Ans. 



*l-44. A 175-lb woman stands on a vinyl floor wearing 
stiletto high-heel shoes. If the heel has the dimensions 
shown, determine the average normal stress she exerts on 
the floor and compare it with the average normal stress 
developed when a man having the same weight is wearing 
flat-heeled shoes. Assume the load is applied slowly, so that 
dynamic effects can be ignored. Also, assume the entire 
weight is supported only by the heel of one shoe. 

Stiletto shoes: 

^ = ^»(0-3) 2 + (0.6)(0.1) = 0.2014 in 2 




1.2 in. 




0.3 in. ^ 

HhO.l in. 



= 869 psi 



_ P_ _ 175 lb 
a ~ A ~ 0.2014 in 2 

Flat-heeled shoes: 

A = i(7r)(1.2) 2 + 2.4(0.5) = 3.462 in 2 



0.5 in. 
Ans. 



P_ _ 175 lb 
A ~ 3.462 in' 



= 50.5 psi 



Ans. 
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•1-45. The truss is made from three pin-connected 
members having the cross-sectional areas shown in the 
figure. Determine the average normal stress developed in 
each member when the truss is subjected to the load shown. 
State whether the stress is tensile or compressive. 



Joint B. 

<?AB 
0~BC 

Joint A 

v'ac 



Fab 


_ 625 


A A b 


" 1.5 


Fbc 


_ 375 


A B c 


~ 0.8 


L." 

Fac 


_ 500 


A A c 


~ 0.6 



= 417 psi (C) 
469 psi (T) 

= 833 psi (T) 



Ans. 



Ans. 



Ans. 



500 lb 



4 ft 




500' 



,2 



At 



1-46. Determine the average normal stress developed in 
links AB and CD of the smooth two-tine grapple that 
supports the log having a mass of 3 Mg. The cross-sectional 
area of each link is 400 mm 2 . 

+ T ZFy = 0; 2(F sin 30°) - 29.43 = 0 
F = 29 A3 kN 

C + 2M £ = 0; P cos 20°(0.2) - (29.43 cos 30°)(1.2) + (29.43 sin 30°)(0.4 cos 30°) 



P = 135.61 kN 
P 135.61(10 3 ) 



A 400(10" 6 ) 



= 339 MPa 



0 



Ans. 




1.2 m 
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1-47. Determine the average shear stress developed in pins 
A and B of the smooth two-tine grapple that supports the log 
having a mass of 3 Mg. Each pin has a diameter of 25 mm and 
is subjected to double shear. 

+ T 2F y = 0; 2(F sin 30°) - 29.43 = 0 
F = 29 A3 kN 

C +2M £ = 0; P cos 20°(0.2) - (29.43 cos 30°)(1.2) + (29.43 sin 30°)(0.4 cos 30°) 

= 0 



v_ 

A 



135.6K10 3 ) 
2 



f (0.025) 



135.61 kN 

138 MPa 



Ans. 




1.2 m 





*l-48. The beam is supported by a pin at A and a short 
link BC. If P = 15 kN, determine the average shear stress 
developed in the pins at A, B, and C. All pins are in double 
shear as shown, and each has a diameter of 18 mm. 




4P 



4P 



2P 



1 m" 



1 I 



"1.5 m- 



I 



-1.5nr 



0.5 



3} 



For pins B and C: 

V 82.5 (10 3 ) 



tb = T c = 
For pin A: 



4 U00(V 



324 MPa 



Ans. 



3iS M 



F A = 2 (82.5) 2 + (142.9) 2 = 165 kN 
V 82.5 (10 3 ) 



4 UOOO^ 



324 MPa 



Ans. 
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•1-49. The beam is supported by a pin at A and a short 
link BC. Determine the maximum magnitude P of the loads 
the beam will support if the average shear stress in each pin 
is not to exceed 80 MPa. All pins are in double shear as 
shown, and each has a diameter of 18 mm. 



4P 



4P 



2P 



0.5m 




30 c 



lm" 



1 I 



"1.5 m- 



"1.5 m- 



0.5 



51 

A 



Q +2M A = 0; 27X0.5) + 4P(2) + 4P(3.5) + P(4.5) - (T CB sin 30°)(5) = 0 
T CB = UP 

■i ZF X = 0; A x - IIP cos 30° = 0 
A x = 9.5263P 

+ T2F y = 0; A y - IIP + lLPsin30° = 0 
A y = 5.5P 

F A = 2 (9.5263P) 2 + (5.5P) 2 = IIP 
Require; 



r = -; 80(10 b ) = - 



11P/2 



4 (0.018) 
P = 3.70 kN 



Ans. 
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1-50. The block is subjected to a compressive force of 
2 kN. Determine the average normal and average shear 
stress developed in the wood fibers that are oriented along 
section a-a at 30° with the axis of the block. 



2kN 




Force equilibrium equations written perpendicular and parallel to section a-a gives 
+/ , 27v = 0; V a - a - 2 cos 30° = 0 V a - a = 1.732 kN 
+\27y = 0; 2 sin 30° - N a _ a = 0 N a _ a = 1.00 kN 

The cross sectional area of section a-a is A = ( ?'\„ n ](0.Q5) = 0.015 m 2 .Thus 

V sin 30°/ J 

N a - a 1.00(10 3 ) / . 

K-a)avg = = 0.015 = 66 - 67(10 = ^ ^ 

V - 1 732(10 3 ) 
(Ta-.)avg = = ' QQ15 = H5.47(10 3 )Pa = 115 kPa 



Ans. 



Ans. 
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1-51. During the tension test, the wooden specimen is 
subjected to an average normal stress of 2 ksi. Determine 
the axial force P applied to the specimen. Also, find the 
average shear stress developed along section a-a of 
the specimen. 



Internal Loading: The normal force developed on the cross section of the middle 
portion of the specimen can be obtained by considering the free-body diagram 
shown in Fig. a. 



+ T2F V = 0; 



P P 

— + - — N = 0 
2 2 



N 



Referring to the free-body diagram shown in fig. b, the shear force developed in the 
shear plane a-a is 



+ UF y = 0; 



V = — 

Va-a 2 



Average Normal Stress and Shear Stress: The cross-sectional area of the specimen is 
A = 1(2) = 2 in 2 . We have 

2(10') = ? 



A 



P = 4(10 j )lb = 4 kip 



Ans. 



P 4(10 3 ) . 

Using the result of P, V a - a = — = — - — = 2(10 ) lb. The area of the shear plane is 



A n ^ n 



2(4) = 8 in 2 . We obtain 



I \ V »-« 2(1 ° 3) • 

[Ta-a javg = ~Z = ^ = 250 psi 



Ans. 




i 



4 in 



4 in 
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*l-52. If the joint is subjected to an axial force of 
P = 9 kN, determine the average shear stress developed in 
each of the 6-mm diameter bolts between the plates and the 
members and along each of the four shaded shear planes. 



Internal Loadings: The shear force developed on each shear plane of the bolt and 
the member can be determined by writing the force equation of equilibrium along 
the member's axis with reference to the free-body diagrams shown in Figs. a. and b, 
respectively. 




100 mm 

100 mm 



2F„ = 0: 4V h 



0 



2F y = 0; AV p - 9 = 0 



Vu = 2.25 kN 



V p = 2.25 kN 



Average Shear Stress: The areas of each shear plane of the bolt and the member 
are A b = ^(0.006 2 ) = 28.274(10" 6 )m 2 and A p = 0.1(0.1) = 0.01 m 2 , respectively. 
We obtain 

( r avg)b 
( r avg)p 



Vn 



2.25(10 3 ) 
28.274(10" 6 ) 
2.25(10 3 ) 



79.6 MPa 



0.01 



= 225 kPa 



Ans. 



Ans. 
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•1-53. The average shear stress in each of the 6-mm diameter 
bolts and along each of the four shaded shear planes is not 
allowed to exceed 80 MPa and 500 kPa, respectively. 
Determine the maximum axial force P that can be applied 
to the joint. 



Internal Loadings: The shear force developed on each shear plane of the bolt and 
the member can be determined by writing the force equation of equilibrium along 
the member's axis with reference to the free-body diagrams shown in Figs. a. and b, 
respectively. 



^F y = 0; 



2F y = 0; 



4V h - P = 0 



4V p - P = 0 



v b = PI* 

V p = P/4 



Average Shear Stress: The areas of each shear plane of the bolts and the members 
are A b = ^ (0.006 2 ) = 28.274(10" 6 )m 2 and A p = 0.1(0.1) = 0.01m 2 , respectively. 
We obtain 



( \ = v ^- 

fallow/ b a i 
Ah 



80(10 b ) 



6\ 



P/4 



28.274(10" 6 ) 
P = 9047 N = 9.05 kN (controls) 



Ans. 



500(10 J ) 



3, p / 4 



0.01 

P = 20 000 N = 20 kN 





100 mm 

100 mm 
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1-54. The shaft is subjected to the axial force of 40 kN. 
Determine the average bearing stress acting on the collar C 
and the normal stress in the shaft. 



Referring to the FBDs in Fig. a, 

+ 12^ = 0; N s - 40 = 0 JV s = 40kN 

+ / \ZF y = 0; N b -A0 = 0 A^ = 40kN 

Here, the cross-sectional area of the shaft and the bearing area of the collar are 
A s = ^(0.03 2 ) = 0.225(10" 3 )tt m 2 and A b = ^ (0.04 2 ) = 0.4(10" 3 )tt m 2 .Thus, 



(°"avg)s 
(°"avg)k 

1 



N s _ 40(10 3 ) 
A s ~ 0.225(10- 3 )tt 

N b _ 40(10 3 ) 
~A b ~ 0.4(10- 3 )tt " 



= 56.59(10 6 ) Pa = 56.6 MPa 
31.83(10 6 )Pa = 31.8 MPa 



Ans. 



Ans. 



T 

(a) 



40 kN 



30 mm 




40 mm 
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1-55. Rods AB and BC each have a diameter of 5 mm. If 
the load of P = 2 kN is applied to the ring, determine the 
average normal stress in each rod if 6 = 60°. 



Consider the equilibrium of joint B, Fig. a, 

■i ZF X = 0; 2 - F AB sin 60° = 0 F AB = 2.309 kN 

+ T J,F y = 0; 2.309 cos 60° - F BC = 0 F BC = 1.155 kN 



The cross-sectional area of wires AB and BC are A AB — A B q — — (0.005 2 ) 



(°"avg) 



6.25(10" 6 )7rm 2 .Thus, 

F AB 2.309(10 3 ) 



A A b 6.25(10" 6 )tt 
F BC = 1.155(10 3 ) 
A BC 6.25(10- 6 )tt 



= 117.62(10 6 ) Pa = 118 MPa 
58.81(10 6 ) Pa = 58.8 MPa 



Ans. 



Ans. 



TAB 9-60' 
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*l-56. Rods AB and BC each have a diameter of 5 mm. 
Determine the angle 0 of rod BC so that the average 
normal stress in rod AB is 1.5 times that in rod BC. What is 
the load P that will cause this to happen if the average 
normal stress in each rod is not allowed to exceed 100 MPa? 

Consider the equilibrium of joint B, Fig. a, 



+ l2F y = 0; 
i ZF X = 0; 



F AB cos 6 - F BC = 0 
P - F AB sin e = 0 



(1) 
(2) 



The cross-sectional area of rods AB and BC are A AB = A BC = — (0.005 2 ) 
= 6.25(10" 6 )tt m 2 . Since the average normal stress in rod AB is required to be 
1.5 times to that of rod BC, then 

(°"avg) AB = 1-5 (o"avg)flC 

Fab = ^ ^ ( F BC 



A BC 
= 1.5 



6.25(10" 6 )tt 
Fab = 1.5 F BC 

Solving Eqs (1) and (3) 
6 = 48.19° = 48.2° 



6.25(10" 6 )tt 



(3) 



Ans. 



Since wire AB will achieve the average normal stress of 100 MPa first when P 
increases, then 

Fab = fallow A AB = [100(10 6 )][6.25(10- 6 )tt] = 1963.50 N 



Substitute the result of F AB and 0 into Eq (2), 
P = 1.46 kN 



Ans. 




P 

+ — X 
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•1-57. The specimen failed in a tension test at an angle of 
52° when the axial load was 19.80 kip. If the diameter of the 
specimen is 0.5 in., determine the average normal and 
average shear stress acting on the area of the inclined 
failure plane. Also, what is the average normal stress acting 
on the cross section when failure occurs? 




V 2 F = 0; 



+\ 2 F y = 0; 



Inclined plane: 

, P 

a =-; a 

' avg ^ ■> 

Cross section: 
P 

a = -; a 
V 



V - 19.80 cos 52° = 0 

V = 12.19 kip 
N - 19.80 sin 52° = 0 

N = 15.603 kip 




15.603 

tt(0.25) 2 
sin 52° 



62.6 ksi 



7 avg 7r(0.25) 2 48 ' 9 ksi 
sin 52° 



vg ^4 ' 



19.80 
" tt(0.25) 2 

T =0 



101 ksi 



Ans. 
Ans. 

Ans. 
Ans. 



1-58. The anchor bolt was pulled out of the concrete wall 
and the failure surface formed part of a frustum and 
cylinder. This indicates a shear failure occurred along the 
cylinder BC and tension failure along the frustum AB. If 
the shear and normal stresses along these surfaces have the 
magnitudes shown, determine the force P that must have 
been applied to the bolt. 

Average Normal Stress: 



For the frustum, A = IttxL = 2tt(0.025 + 0.025) (2 0.05 2 + 0.05 2 

= 0.02221 m 2 



F t = 66.64 kN 




Average Shear Stress: 



For the cylinder, A = tt(0.05)(0.03) = 0.004712 m 2 



Tavg A ; 4 - 5 ( 106 ) 0.004712 



F, = 21.21 kN 




Equation of Equilibrium: 



+ t^F = 0; P - 21.21 - 66.64 sin 45° = 0 



P = 68.3 kN 




Ans. 




r 4f 



lC mm 
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1-59. The open square butt joint is used to transmit a 
force of 50 kip from one plate to the other. Determine the 
average normal and average shear stress components that 
this loading creates on the face of the weld, section AB. 

Equations of Equilibrium: 

\ + 2 F y = 0; N - 50 cos 30° = 0 N = 43.30 kip 
V2 F x = 0; -V + 50 sin 30° = 0 V = 25.0 kip 



50 kip 



Average Normal and Shear Stress: 

A' 



sin 60 

N_ _ 43.30 
A' ~ 13.86 
V 25.0 



A' 13.8 



(6) = 13.86 in 2 
= 3.125 ksi 
= 1.80 ksi 




2 in. 



50 kip 



SO tff 



*l-60. If P = 20 kN, determine the average shear stress 
developed in the pins at A and C. The pins are subjected to 
double shear as shown, and each has a diameter of 18 mm. 



Referring to the FBD of member AB, Fig. a 

Q +^M A = 0; F BC sin 30° (6) - 20(2) - 20(4) 

i ZF X = 0; A x - 40 cos 30° = 0 A x - 

+ \^F y = 0; A y - 20 - 20 + 40 sin 30° 

Thus, the force acting on pin A is 

F A 



0 F BC = 40 kN 
34.64 kN 
A y = 20 kN 




2 A Y 2 + A v 2 = 2 34.64 2 + 20 2 = 40 kN 



Pins A and C are subjected to double shear. Referring to their FBDs in Figs, b and c, 

F A 40 F BC 40 

V A = = — = 20 kN y c = ^ = — = 20 kN 
A 2 2 c 2 2 

The cross-sectional area of Pins A and C are A A = A c = y (0.018 2 ) 



81(10" 


(y )7T nr.Thus 


v A 


20(10 3 ) 


A A 


" 81(10- 6 )tt 


V c 


20(10 3 ) 


A c 


81(10- 6 )tt 




(a) 
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•1-61. Determine the maximum magnitude P of the load 
the beam will support if the average shear stress in each pin 
is not to allowed to exceed 60 MPa. All pins are subjected to 
double shear as shown, and each has a diameter of 18 mm. 

Referring to the FBD of member AB, Fig. a, 

Q +^M A = 0; F BC sin 30°(6) - P(2) - P(4) = 0 F BC = IP 
+ 



1ZF X = 0; A x - IP cos 30° = 0 



+ T2F y = 0; 



P + IP sin 30° 



1.732P 
0 A v 




Thus, the force acting on pin A is 

F A = 2 A x 2 + A y 2 = 2 (1.732P) 2 + P 2 = IP 

All pins are subjected to same force and double shear. Referring to the FBD of the 
pin, Fig. b, 

v = ^ = ^ = p 

2 2 

The cross-sectional area of the pin is A = ^ (0.018 2 ) = 81.0(10" 6 )tt m 2 .Thus, 



''"allow 



V 



60(10 6 ) 



81.0(1(T 6 )77 
P = 15 268 N = 15.3 kN 



Ans. 
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1-62. The crimping tool is used to crimp the end of the 
wire E. If a force of 20 lb is applied to the handles, 
determine the average shear stress in the pin at A. The pin is 
subjected to double shear and has a diameter of 0.2 in. Only 
a vertical force is exerted on the wire. 

Support Reactions: 

From FBD(a) 



20 lb 




1.5 in. 2 in. 1 in 



C+2M D = 0; 20(5) - B y (l) = 0 



B y = 100 lb 



20 lb 



-> ?F X = 0; 
From FBD(b) 

i ZF X = 0; 



B Y = 0 



A x = 0 



tw 



Q +2M £ = 0; A y (1.5) - 100(3.5) = 0 

A y = 233.33 lb 

Average Shear Stress: Pin A is subjected to double shear. Hence, 

Fa A v 

Va~ 



2 

( T A)avg — 



2 
V A 



116.67 lb 
116.67 



A A f(0.2 2 ) 
3714 psi = 3.71 ksi 



Ans. 




1-63. Solve Prob. 1-62 for pin B. The pin is subjected to 
double shear and has a diameter of 0.2 in. 

Support Reactions: 

From FBD(a) 

C +^M D = 0; 20(5) - By (1) = 0 B y = 100 lb 

+ 



20 lb 



ZF X = 0; 



B x = 0 




1.5 in. 2 in. 1 in 



20 lb 



Average Shear Stress: Pin B is subjected to double shear. Hence, 



F l = B i 
2 2 

V B 



= 50.0 lb 
50.0 



A B f (0.2 2 ) 
1592 psi = 1.59 ksi 



Ans. 




f<0 




fc'too Ik 
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*l-64. The triangular blocks are glued along each side of 
the joint. A C-clamp placed between two of the blocks is 
used to draw the joint tight. If the glue can withstand a 
maximum average shear stress of 800 kPa, determine the 
maximum allowable clamping force F. 

Internal Loadings: The shear force developed on the glued shear plane can be 
obtained by writing the force equation of equilibrium along the x axis with 
reference to the free-body diagram of the triangular block, Fig. a. 



50 mm 



2F r = 0; 



F cos 45° 



V = 0 



V 



2 2 



Average Normal and Shear Stress: The area of the glued shear plane is 
A = 0.05(0.025) = 1.25(10" 3 )m 2 . We obtain 



2 2. 



_ V_ 
7avg " A 



800(10 3 ) 
F 



1.25(10 -3 ) 
1414 N = 1.41 kN 



Ans, 




•1-65. The triangular blocks are glued along each side of 
the joint. A C-clamp placed between two of the blocks is 
used to draw the joint tight. If the clamping force is 
F = 900 N, determine the average shear stress developed 
in the glued shear plane. 

Internal Loadings: The shear force developed on the glued shear plane can be 
obtained by writing the force equation of equilibrium along the x axis with 
reference to the free-body diagram of the triangular block, Fig. a. 

+ 



0; 



900 cos 45° - V = 0 



636.40 N 



Average Normal and Shear Stress: The area of the glued shear plane is 
A = 0.05(0.025) = 1.25(10" 3 )m 2 . We obtain 

_ V_ _ 636.40 
Tavg " A ~ 1.25(10" 3 ) 



= 509 kPa 



Ans, 



50 mm 
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1-66. Determine the largest load P that can be a applied 
to the frame without causing either the average normal 
stress or the average shear stress at section a-a to exceed 
a = 150 MPa and r = 60 MPa, respectively. Member CB 
has a square cross section of 25 mm on each side. 

Analyse the equilibrium of joint C using the FBD Shown in Fig. a, 

'4" 



+ t2F y = 0; F BCy 



0 



F BC = 1.25P 



2m 



Referring to the FBD of the cut segment of member BC Fig. b. 



ZF Y = 0; 



1.25PI - ) 



+ 1X7^ = 0; 1.25P V 4 



Va- 



0 



V a - 



The cross-sectional area of section a-a is 
= 1.0417(10" 3 )m 2 . For Normal stress, 

0.75P 



(0.025) 



0.025 

3/5 




V allow 



150(10 b ) 



1.0417(10" 3 ) 



P = 208.33(10- 3 ) N = 208.33 kN 



For Shear Stress 



''"allow 



60(10 6 ) 



1.0417(10" 3 ) 



P = 62.5(10 3 ) N = 62.5 kN (Controls!) 

lie 



Ans. 




X 




u-a. 
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1-67. The prismatic bar has a cross-sectional area A. If it 
is subjected to a distributed axial loading that increases 
linearly from w = 0atx = 0tow = w 0 atx = a, and then 
decreases linearly to w = Oatx = 2a, determine the average 
normal stress in the bar as a function of x for 0 < x < a. 

Equation of Equilibrium: 

+ 1 / Wq \ 1 

— > 1lF x = 0; —N + - I — jc + Wq J(a — x) + — w 0 a = 0 

N = ^(2a 2 -x 2 ) 
2a v > 

Average Normal Stress: 

N ? a (2a*-x 2 ) w 0 , 2 2 ^ 

cr = — = ~ = ——{2a 1 - x z ) 

A A 2aA K > 



Ans. 





1 ' x 1 ' a-x f Z i 



± — d i 



*l-68. The prismatic bar has a cross-sectional area A. If it is 
subjected to a distributed axial loading that increases linearly 
from w = 0 at x = 0 to w = w 0 at x = a, and then decreases 
linearly to w = 0 at x = 2a, determine the average normal 
stress in the bar as a function of x for a < x < 2a. 



Equation of Equilibrium: 

■i ZF X = 0; -N + | 



w 0 



(2a - x) 



(2a - x) = 0 



N = -^(2a-x) 2 
2a 



Average Normal Stress: 

^ = N = %(2a-x) 2 = Wq 
a A A 2aA 



(2a - xf 



Ans. 







X >] 




- a - 


- a 



-h^H 



•1-69. The tapered rod has a radius of r = (2 - x/6) in. 
and is subjected to the distributed loading of 
w = (60 + 40x) lb/in. Determine the average normal stress 
at the center of the rod, B. 



= 7.069 in 2 



2F X = 0; N 
720 



s: 



(60 + 40x) dx = 0; N = 720 lb 



7.069 



102 psi 



w = (60 + 40x) lb/ in 




Ans. 
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1-70. The pedestal supports a load P at its center. If the 
material has a mass density p, determine the radial 
dimension r as a function of z so that the average normal 
stress in the pedestal remains constant. The cross section 
is circular. 




Require: 

_ P + Wi _ P + W 1 + dW 
A A + dA 

PdA + W x dA = AdW 

dW P + W 1 _ 
dA ~ A 

dA = tt{t + dr) 1 - irr 2 = 2tt r dr 
dW = 7rr\pg) dt 

From Eq. (1) 
7rr 2 (pg) dz 

2tt r dr 
r pg dz 



(1) 




2a 
2a 



dz = 



ln- 



r dr 
r 



However, 
P 

a = 2 

77 r\ 



Ans. 
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1-71. Determine the average normal stress at section a-a 
and the average shear stress at section b-b in member AB. 
The cross section is square, 0.5 in. on each side. 

Consider the FBD of member BC, Fig. a, 

Q +2M C = 0; F AB sin 60°(4) - 150(4)(2) = 0 F AB = 346.41 lb 
Referring to the FBD in Fig. b, 

V27v = 0; N a _ a + 346.41 = 0 N a _ a = -346.41 lb 
Referring to the FBD in Fig. c. 

+ T 27^ = 0; V b - b - 346.41 sin 60° = 0 V b - b = 300 lb 

The cross-sectional areas of section a-a and b-b are A a _ a = 0.5(0.5) = 0.25 in 2 and 
= 0.5 in 2 . Thus 



150 lb /ft 

UTT] 




ib-b 



T b-b 



= 0.5 ( 


0.5 \ 


cos 60° J 


K- a 


346.41 


A a -a 


0.25 


Vb-b 


_ 300 _ 


A b - b 


" 0.5 " 



= 1385.64 psi = 1.39 ksi 
600 psi 

150(4) lb 



Ans. 



Ans. 



c 
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•1-73. Member B is subjected to a compressive force of 
800 lb. If A and B are both made of wood and are | in. thick, 
determine to the nearest \ in. the smallest dimension h of 
the horizontal segment so that it does not fail in shear. The 
average shear stress for the segment is r allow = 300 psi. 



307.7 

T allow - 300 - -w- 



h = 2.74 in. 



Use h = 2 — in. 
4 




800 lb 



Ans. 



1-74. The lever is attached to the shaft A using a key that 
has a width d and length of 25 mm. If the shaft is fixed and 
a vertical force of 200 N is applied perpendicular to the 
handle, determine the dimension d if the allowable shear 
stress for the key is r allow = 35 MPa. 

C + ZM A = 0; F a _ a (20) - 200(500) = 0 



''"allow 



A 



35(10 5 ) 



,6\ 



5000 



d(0.025) 
d = 0.00571 m = 5.71 mm 




200 N 



Ans. 



ZooH 



1-75. The joint is fastened together using two bolts. 
Determine the required diameter of the bolts if the failure 
shear stress for the bolts is r fail = 350 MPa. Use a factor of 
safety for shear of F.S. = 2.5. 

350(10 6 ) 5 



= 140(10') 



2.5 

fallow = 140(10 6 ) - 



20(10 3 ) 



d = 0.0135 m = 13.5 mm 



30 mm 



80 kN 



40 kN 




30 mm 



40 kN 



Ans. 



20 




10 



40 
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*l-76. The lapbelt assembly is to be subjected to a force 
of 800 N. Determine (a) the required thickness t of 
the belt if the allowable tensile stress for the material 
is (cr;) allow = 10 MPa, (b) the required lap length d { 
if the glue can sustain an allowable shear stress of 
( T aiiow)g = 0-75 MPa, and (c) the required diameter d r of 
the pin if the allowable shear stress for the pin is 
(Tallow), = 30 MPa. 



Allowable Normal Stress: Design of belt thickness. 

( (T fallow 



t = 0.001778 m = 1.78 mm 

Allowable Shear Stress: Design of lap length. 

(x allow)g = ^; 0.750(10*) = 

d t = 0.01185 m = 11.9 mm 



Allowable Shear Stress: Design of pin size 

A ' 



(Tallow)p = ^; 30(l0 6 , 



400 

4 u r 



d r = 0.004120 m = 4.12 mm 



800 N 




800 N 



Ans. 




Boo*) 




Ans. 



Ans. 



80OA) 



•1-77. The wood specimen is subjected to the pull of 
10 kN in a tension testing machine. If the allowable normal 
stress for the wood is (o^) allow = 12 MPa and the allowable 
shear stress is r allow = 1.2 MPa, determine the required 
dimensions b and t so that the specimen reaches these 
stresses simultaneously. The specimen has a width of 25 mm. 

Allowable Shear Stress: Shear limitation 

5.00(10 3 ) 



Tallow = 12 10 



6 



t 



(0.025) t 
0.1667 m 



167 mm 



Allowable Normal Stress: Tension limitation 



A ' 



12.0(l0 6 ) 



10(10 3 ) 
~ (0.025) b 

0.03333 m = 33.3 mm 



Ans. 



Ans. 



10 kN 




10 kN 



10 
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1-78. Member B is subjected to a compressive force of 6001b 
600 lb. If A and B are both made of wood and are 1.5 in. 
thick, determine to the nearest 1/8 in. the smallest dimension 
a of the support so that the average shear stress along the 
blue line does not exceed r allow = 50 psi. Neglect friction. 



A 



Consider the equilibrium of the FBD of member B, Fig. a, 
■i ZF X = 0; 600 (j) ~ F h = 0 Fh = 480 lb 

Referring to the FBD of the wood segment sectioned through glue line, Fig. b 
i EF X = 0; 480 - V = 0 V = 480 lb 



The area of shear plane is A = 1.5(a). Thus, 
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1-79. The joint is used to transmit a torque of 
T = 3 kN • m. Determine the required minimum diameter 
of the shear pin A if it is made from a material having a 
shear failure stress of r fail = 150 MPa. Apply a factor of 
safety of 3 against failure. 




Internal Loadings: The shear force developed on the shear plane of pin A can be 
determined by writing the moment equation of equilibrium along the y axis with 
reference to the free-body diagram of the shaft, Fig. a. 



ZM y = 0; 7(0.1) - 3(10 3 ) = 0 



V = 30(10 3 )N 



Allowable Shear Stress: 

Tfail 150 



''"allow 



F.S. 



50 MPa 



Using this result, 

A' 



''"allow 



50(10 6 ) 



30(10 3 ) 

TdA 2 




0.02764 m = 27.6 mm 



Ans. 



*l-80. Determine the maximum allowable torque T that 
can be transmitted by the joint. The shear pin A has a 
diameter of 25 mm, and it is made from a material having a 
failure shear stress of r fail = 150 MPa. Apply a factor of 
safety of 3 against failure. 

Internal Loadings: The shear force developed on the shear plane of pin A can be 
determined by writing the moment equation of equilibrium along the y axis with 
reference to the free-body diagram of the shaft, Fig. a. 



2M = 0; V(0.1) - T = 0 




V = 107 



Allowable Shear Stress: 

Tfail 150 



''"allow 



F.S. 



50 MPa 



The area of the shear plane for pin A is A A = — (0.025 2 ) = 0.4909(10~ 3 )m 2 . Using 
these results, 



''"allow 



A A ' 



50(10 6 ) 



107 



0.4909(10" 3 ) 
T = 2454.37 N • m = 2.45 kN • m 



Ans. 
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•1-81. The tension member is fastened together using two 
bolts, one on each side of the member as shown. Each bolt 
has a diameter of 0.3 in. Determine the maximum load P 
that can be applied to the member if the allowable shear 
stress for the bolts is r allow = 12 ksi and the allowable 
average normal stress is cr allow = 20 ksi. 



2 



60° 



\+2F y = 0; TV - P sin 60° = 0 
P = 1.1547 N 

/+ 2,F X = 0; V - P cos 60° = 0 
P = 2V 

Assume failure due to shear: 

V 



N V 



(1) 



(2) 



(2)f (0.3) 2 



T allow - 12 

V = 1.696 kip 

From Eq. (2), 
P = 3.39 kip 

Assume failure due to normal force: 

-™- N 

Callow - M — 



(2)f (0.3) 2 
N = 2.827 kip 
From Eq. (1), 

P = 3.26 kip (controls) 



Ans. 
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1-82. The three steel wires are used to support the 
load. If the wires have an allowable tensile stress of 
fallow = 165 MPa, determine the required diameter of each 
wire if the applied load is P = 6 kN. 

The force in wire BD is equal to the applied load; ie, F BD = P = 6 kN. Analysing 
the equilibrium of joint B by referring to its FBD, Fig. a, 



-> ZF X = 0; F BC cos 30° - F AB cos 45° = 0 
+ T SFj, = 0; F BC sin 30° + F AB sin 45° - 6 = 0 

Solving Eqs. (1) and (2), 
F AB = 5.379 kN 



For wire BD, 
Fbd 



V allow 



F BC = 4.392 kN 
6(10 3 ) 



A 



BD 



165(10 b ) 



KA 2 



4 U BD 

d BD = 0.006804 m = 6.804 mm 
Use d BD = 7.00 mm 



For wire AB, 
Fab 



allow 



165(10 6 ) 



5.379(10 3 ) 

7L A 2~ 
4 a AB 



d AB = 0.006443 m = 6.443 mm 
Use d AB = 6.50 mm 



For wire BC, 

Fbc 
A B c 



^"allow 



165(10 6 ) 



4.392(10 3 ) 



4 a BC 





d BC = 0.005822 m = 




d BC = 6.00 mm 




Jic 


45 T\ 





5.822 mm 



8 



x 



(i) 

(2) 




Ans. 



Ans. 



Ans. 



55 



Solutions 46060 5/6/10 2:43 PM Page 56 



e 



© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 



1-83. The three steel wires are used to support the 
load. If the wires have an allowable tensile stress of 
°"aiiow = 165 MPa, and wire AB has a diameter of 6 mm, BC 
has a diameter of 5 mm, and BD has a diameter of 7 mm, 
determine the greatest force P that can be applied before 
one of the wires fails. 

The force in wire BD is equal to the applied load; ie, F BD = P. Analysing the 
equilibrium of joint B by referring to its FBD, Fig. a, 



-> ZF X = 0; F BC cos 30° - F AB cos 45° = 0 
+ T 2F y = 0; F BC sin 30° + F AB sin 45° - P = 0 

Solving Eqs. (1) and (2), 

F AB = 0.8966 P F BC = 0.7321 P 



(1) 
(2) 




For wire BD, 
Fbd 



165(10 6 ) 



f (0.007 z ) 
P = 6349.94 N = 6.350 kN 



For wire AB, 

Fab 



V allow 



165(10 6 ) 



0.8966 P 
f (0.006 2 ) 



5203.42 N = 5.203 kN 



For wire BC, 

Fbc 



V allow 



A 



BC 



165(10 b ) 



,6\ 



0.7321 P 
f (0.005 2 ) 



P = 4425.60 N = 4.43 kN (Controls!) 



Ans. 
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*l-84. The assembly consists of three disks A, B, and C 
that are used to support the load of 140 kN. Determine the 
smallest diameter d 1 of the top disk, the diameter d 2 within 
the support space, and the diameter d 3 of the hole in the 
bottom disk. The allowable bearing stress for the material 
is (°"aiiow)& = 350 MPa and allowable shear stress is 
r allow = 125 MPa. 

Solution 

Allowable Bearing Stress: Assume bearing failure for disk B. 



140 kN 



20 mm 



" d 3 
d 2 - 



P_ 

A 



, ^ 140(10 J ) 
350(10 6 ) — - 



7L Al 
4 "1 

d x = 0.02257 m = 22.6 mm 



Allowable Shear Stress: Assume shear failure for disk C. 
_ _ V . , 6] _ 140(10 3 ) 

r allow --, 125(10 ) ~ ^djom) 

d 2 = 0.03565 m = 35.7 mm 
Allowable Bearing Stress: Assume bearing failure for disk C. 



Ans. 



(<r*)anow = -7; 350(l0 6 ) 



140(10 3 ) 



f (0.03565 2 - di) 



4 yyj.yj^uyju U 3 J 

d 3 = 0.02760 m = 27.6 mm 

Since d 3 = 27.6 mm > d\ = 22.6 mm, disk B might fail due to shear. 

V 140(10 3 ) 
T = A = .(0.02257)(0.02) = 98J MPa < ^ = 125 MPa ^ 

Therefore, di = 22.6 mm 



Ans. 



Ans. 



10 mm 



•1-85. The boom is supported by the winch cable that has 
a diameter of 0.25 in. and an allowable normal stress of 
°"aiiow = 24 ksi. Determine the greatest load that can be 
supported without causing the cable to fail when 6 = 30° 
and 4> = 45°. Neglect the size of the winch. 



P_ 
A' 



24(10 J ) 



f (0.25) 2 



T = 1178.10 lb 
■i ZF X = 0; -1178.10 cos 30° + F AB sin 45° = 0 
+ T ZFy = 0; -W + F AB cos 45° - 1178.10 sin 30° = 0 

W = 431 lb 

F AB = 1442.9 lb 



Ans. 



20 ft 









A// VP 




— - d - — 





36 
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1-86. The boom is supported by the winch cable that has 
an allowable normal stress of cr allow = 24 ksi. If it is 
required that it be able to slowly lift 5000 lb, from 6 = 20° 
to 0 = 50°, determine the smallest diameter of the cable to 
the nearest ^ in. The boom AB has a length of 20 ft. 
Neglect the size of the winch. Set d = 12 ft. 



sin 20° sin> 
20 ~ 12 
ifj = 11.842° 

i^, = 0; —T cos 20° + F AB cos 31.842° = 0 

+ 1 2F y = 0; F AB sin 31.842° - T sin 20° - 5000 = 0 

T = 20 698.3 lb 

F AB = 22 896 lb 



20 698.3 



Use 



24(10 3 ) = 

d = 1.048 in. 

d = 1 T7 in. 
16 



20 ft 











A 






20°. 


ft 


u 




Jx 








d 






Ans. 



1-87. The 60 mm X 60 mm oak post is supported on 
the pine block. If the allowable bearing stresses for 
these materials are cr oak = 43 MPa and a pine = 25 MPa, 
determine the greatest load P that can be supported. If 
a rigid bearing plate is used between these materials, 
determine its required area so that the maximum load P can 
be supported. What is this load? 



For failure of pine block: 

^ 25(1 ° 6) = (0^(006) 
P = 90 kN 



For failure of oak post: 

ff = J 43(1 ° 6) = (ao4^) 

P = 154.8 kN 



Area of plate based on strength of pine block: 



a = — ; 25(10 6 ) 
A 



154.8(10) 3 
A 



A = 6.19(10~ 3 )m 2 



155 kN 





Ans. 



Ans. 
Ans. 
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*l-88. The frame is subjected to the load of 4 kN which 
acts on member ABD at D. Determine the required 
diameter of the pins at D and C if the allowable shear stress 
for the material is r allow = 40 MPa. Pin C is subjected to 
double shear, whereas pin D is subjected to single shear. 

Referring to the FBD of member DCE, Fig. a, 
C +2M £ = 0; D y (2.5) - F BC sin 45° (1) = 0 
i 2F X = 0 F BC cos 45° - D x = 0 

Referring to the FBD of member ABD, Fig. b, 

Q = 0; 4 cos 45° (3) + F BC sin 45° (1.5) - D x (3) = 0 

Solving Eqs (2) and (3), 

F BC = 8.00 kN D x = 5.657 kN 

Substitute the result of F BC into (1) 



[— 1 m— |- 1.5 m *j 




4kN 



45° 



(1) 
(2) 

(3) 



D v 



2.263 kN 



Thus, the force acting on pin D is 
F D = 2 D x 2 + D y 



2 5.657 z + 2.263 



2 



6.093 kN 



At 



Pin C is subjected to double shear white pin D is subjected to single shear. Referring 
to the FBDs of pins C, and D in Fig c and d, respectively, 



r BC 



8.00 



2 2 
For pin C, 

V c 



4.00 kN 



V D = F D = 6.093 kN 



''"allow 



Ar 



40(10 b ) 



,6\ 



4.00(10 3 ) 



7L A 2 

4 a c 



d c = 0.01128 m = 11.28 mm 
Use d c = 12 mm 



Ans. 



For pin D, 



''"allow 



40(10 b ) 



6.093(10 3 ) 



Ad " v " 7 jd D 2 
d D = 0.01393 m = 13.93 mm 
Use d D = 14 mm 



Ans. 



Co &■«■«> *d 



/■5 m 



34c. 



1 



Ca.) 




Ax 



4M 



it 



l-5m 



/•5m 



1 
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•1-89. The eye bolt is used to support the load of 5 kip. 
Determine its diameter d to the nearest | in. and the required 
thickness h to the nearest | in. of the support so that the 
washer will not penetrate or shear through it. The allowable 
normal stress for the bolt is cr allow = 21 ksi and the allowable 
shear stress for the supporting material is r allow = 5 ksi. 




5 kip 



Allowable Normal Stress: Design of bolt size 

P ~ 5(10 3 ) 

— ; 21.0(10 3 ) = 



V allow 



d 

Use d 



\d 2 

0.5506 in. 
5 . 



in. 



Ans. 



Allowable Shear Stress: Design of support thickness 

V , 5(10 3 ) 

-; 5(10 3 ) = 



''"allow 



3 



Use h 



in. 



Ans. 
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1-90. The soft-ride suspension system of the mountain 
bike is pinned at C and supported by the shock absorber 
BD. If it is designed to support a load P = 1500 N, 
determine the required minimum diameter of pins B and C. 
Use a factor of safety of 2 against failure. The pins are made 
of material having a failure shear stress of r fail = 150 MPa, 
and each pin is subjected to double shear. 

Internal Loadings: The forces acting on pins B and C can be determined by 
considering the equilibrium of the free-body diagram of the soft-ride suspension 
system shown in Fig. a. 



100 mm 



C +2M C = 0; 

^ ZF X = 0; 
+ = 0; 

Thus, 



1500(0.4) - F BD sin 60°(0.1) - F BD cos 60°(0.03) = 0 

F BD = 5905.36 N 
C x - 5905.36 cos 60° = 0 C x = 2952.68 N 

5905.36 sin 60° - 1500 - C y = 0 C y = 3614.20 N 




F B = F BD = 5905.36 N F c = 2 C x 2 + C y 2 = 2 2952.68 2 + 3614.20 2 



4666.98 N 



Since both pins are in double shear, 
Fb 5905.36 
2 2 



2952.68 N 



4666.98 



2333.49 N 



Allowable Shear Stress: 

Tfiui 150 



''"allow 



F.S. 



= 75 MPa 



Using this result, 



75(10 6 ) 



2952.1 



d B 2 




''"allow 



Vc 
Ar 



d B = 0.007080 m = 7.08 mm 
75(10*) = ^ 

d r = 0.006294 m = 6.29 mm 



Ans. 



Ans. 
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1-91. The soft-ride suspension system of the mountain 
bike is pinned at C and supported by the shock absorber 
BD. If it is designed to support a load of P = 1500 N, 
determine the factor of safety of pins B and C against 
failure if they are made of a material having a shear failure 
stress of T fail = 150 MPa. Pin B has a diameter of 7.5 mm, 
and pin C has a diameter of 6.5 mm. Both pins are subjected 
to double shear. 

Internal Loadings: The forces acting on pins B and C can be determined by 
considerning the equilibrium of the free-body diagram of the soft-ride suspension 
system shown in Fig. a. 



+ 2M C = 0; 

^ ^F x = 0; 
+ = 0; 

Thus, 



1500(0.4) - F BD sin 60°(0.1) - F BD cos 60°(0.03) = 0 
F BD = 5905.36 N 

C Y - 5905.36 cos 60° = 0 C = 2952.68 N 



5905.36 sin 60° - 1500 - C y = 0 C y = 3614.20 N 



F B = F BD = 5905.36 N F c = 2 C x 2 + C y 2 = 2 2952.68 2 + 3614.20 2 



4666.98 N 



Since both pins are in double shear, 
^ = 59Cp = 295268N 



c 2 2 



Allowable Shear Stress: The areas of the shear plane for pins B and C are 
A B = ^(0.0075 2 ) = 44.179(10" 6 )m 2 and A c = ^(0.0065 2 ) = 33.183(10- 6 )m 2 . 
We obtain 



1 avg 



2952.68 



A B 44.179(10" 6 ) 



= 66.84 MPa 



2333.49 



v dVg/ ^ A c 33.183(10" 6 ) 

Using these results, 

c \ T fail 150 
(F.S.)fl = t — = t^tt = 2.24 



70.32 MPa 



(F.S.)c 



(r )» 66.84 

Tfail 150 



l T avg)c 



70.32 



2.13 



Ans. 
Ans. 



100 mm 
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*l-92. The compound wooden beam is connected together 
by a bolt at B. Assuming that the connections atA,B, C, and 
D exert only vertical forces on the beam, determine the 
required diameter of the bolt at B and the required outer 
diameter of its washers if the allowable tensile stress for the 
bolt is (cr ? ) allow = 150 MPa and the allowable bearing stress 
for the wood is (cr ft ) allow = 28 MPa. Assume that the hole in 
the washers has the same diameter as the bolt. 



3kN 

-2 m — + — 2 m — -kl.5 m 



1.5 kN 



2kN 



From FBD (a): 
C +2M D = 0; 

From FBD (b): 
C = 0; 



F B (4.5) + 1.5(3) + 2(1.5) - F c {6) = 0 
4.5 F B - 6 F c = -7.5 



F B (5.5) - F c (4) - 3(2) = 0 
5.5 F B -4F C = 6 
Solving Eqs. (1) and (2) yields 
F B = 4.40 kN; F c = 4.55 kN 
For bolt: 



fallow = 150(10 6 ) 

d B = 0.00611 m 

= 6.11 mm 
For washer: 

( 7 allow = 28(10 4 ) = 



4.40(10 3 ) 



4.40(10 3 ) 



f (d 2 w - 0.00611 2 ) 
0.0154 m = 15.4 mm 




^1.5 m^-1.5 m ^ 



1.5 m 



(1) 



(2) 



Ans. 



Ans. 



14 * 



fT 



•1-93. The assembly is used to support the distributed 
loading of w = 500 lb/ft. Determine the factor of safety with 
respect to yielding for the steel rod BC and the pins at B and 
C if the yield stress for the steel in tension is a y = 36 ksi 
and in shear r y = 18 ksi. The rod has a diameter of 0.40 in., 
and the pins each have a diameter of 0.30 in. 



For rod BC: 



a = A 



F. S. 



1.667 
|(0.4 2 ) 



= 13.26 ksi 



36 
13.26 



2.71 



For pins B and C: 

_ V_ _ 0.8333 
7 ~ A ~ f (0.3 2 ) 



F. S. 



_ 

T 



18 
11.79 



11.79 ksi 



1.53 



Ans. 



Ans. A„=f 




U~J-..~ 
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1-94. If the allowable shear stress for each of the 0.30- 
in.-diameter steel pins at A, B y and C is r allow = 12.5 ksi, 
and the allowable normal stress for the 0.40-in.-diameter 
rod is cr allow = 22 ksi, determine the largest intensity w of 
the uniform distributed load that can be suspended from 
the beam. 

Assume failure of pins B and C: 
1.667>v 

Tallow f(Q32) 

w = 0.530 kip/ft (controls) 
Assume failure of pins A: 



F A = 2 (2w) z + (1.333w) 2 = 2.404 w 
1.202w 



T allow - 12.5 



f(0.3 2 ) 



w = 0.735 kip/ft 

Assume failure of rod BC: 
3.333w 

fallow - 22 - ?(Q42) 

w = 0.829 kip/ft 



Ans. 




4*0 



1-95. If the allowable bearing stress for the material 
under the supports at A and B is (cr & ) allow = 1.5 MPa, 
determine the size of square bearing plates A' and B' 
required to support the load. Dimension the plates to the 
nearest mm. The reactions at the supports are vertical. Take 
P = 100 kN. 

Referring to the FBD of the bean, Fig. a 
C+2M A = 0; N B (3) + 40(1.5)(0.75) - 100(4.5) = 0 
40(1.5)(3.75) - 100(1.5) - N A (3) = 0 



40 kN/m 



i A' 



-1.5 m 



3 m 



1.5 m - 



C+2M 5 = 0: 
For plate A', 



N B = 135 kN 
N A = 25.0 kN 



Na 

A A 



1.5(10 6 ) 



25.0(10 3 ) 



For plate B\ 



& allow 



A R r 



1.5(10 6 ) = 

a B > 



0.1291 m = 130 mm 



135(10 3 ) 

a 2 B , 

-- 0.300 m = 300 mm 



Ans. 



3nr) 



Ans. 
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*l-96. If the allowable bearing stress for the material under 
the supports at A and B is (cr^) allow = 1.5 MPa, determine 
the maximum load P that can be applied to the beam. The 
bearing plates A' and B' have square cross sections of 
150 mm X 150 mm and 250 mm X 250 mm, respectively. 



40 kN/m 





1 






- — 1.5 m—* 


3 m i — 1.5 m — J 



Referring to the FBD of the beam, Fig. a, 



400-5) ktf 



C+2M A = 0; 
C+2M 5 = 0; 



N B (3) + 40(1.5)(0.75) - P(4.5) = 0 
40(1.5)(3.75) - P(1.5) - N A (3) = 0 



N B = 1.5P - 15 
N A = 75 - 0.5P 



For plate A', 



(o"fe)a 



A A r 



1.5(10 6 ) 



(75 - 0.5P)(10 3 ) 



0.15(0.15) 
P = 82.5 kN 



For plate B\ 



A B r 



1.5(10 6 ) 



(1.5P - 15)(10 3 ) 



0.25(0.25) 
P = 72.5 kN (Controls!) 




3m 

075m tlfc N 



Ans. 



•1-97. The rods AB and CD are made of steel having a 
failure tensile stress of a m = 510 MPa. Using a factor of 
safety of F.S. = 1.75 for tension, determine their smallest 
diameter so that they can support the load shown. The 
beam is assumed to be pin connected at A and C. 

Support Reactions: 

Q = 0; F CD (10) - 5(7) - 6(4) - 4(2) = 0 

F CD = 6.70 kN 
C +2M C = 0; 4(8) + 6(6) + 5(3) - F^(10) = 0 

= 8.30 kN 

Allowable Normal Stress: Design of rod sizes 
For rod AB 

AB 510(10 6 ) 8.30(10 3 ) 



^"allow 



gfail 

F.S 



4 a AB 



1.75 

d AB = 0.006022 m = 6.02 mm 



For rod CD 

°"fail 



^allow 



r CD 



F.S 



510(10 6 ) _ 6.70(10 3 ) 
. 1.75 jdc D 

d CD = 0.005410 m = 5.41 mm 




j 111 t 



Ans. 



Ans. 
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1-98. The aluminum bracket A is used to support the 
centrally applied load of 8 kip. If it has a constant thickness 
of 0.5 in., determine the smallest height h in order to 
prevent a shear failure. The failure shear stress is 
Tfaa = 23 ksi. Use a factor of safety for shear of F.S. = 2.5. 

Equation of Equilibrium: 

+ 127^ = 0; U-8 = 0 U = 8.00kip 

Allowable Shear Stress: Design of the support size 
7^ V 23(10 3 ) 8.00(10 3 ) 



F.S A ' 



2.5 h(0.5) 
h = 1.74 in. 



Ans. 




1-99. The hanger is supported using the rectangular pin. 
Determine the magnitude of the allowable suspended load 
P if the allowable bearing stress is (07,) allow = 220 MPa, the 
allowable tensile stress is (cr^) allow = 150 MPa, and the 
allowable shear stress is t a iiow — 130 MPa. Take t — 6 mm, 
a = 5 mm, and b = 25 mm. 

Allowable Normal Stress: For the hanger 
P P 



20 mm 



(°"f)a 



150 10' 



(0.075)(0.006) 
P = 67.5 kN 




37.5 mm 



Allowable Shear Stress: The pin is subjected to double shear. Therefore, V = 



.2- 



''"allow 



130 10' 



P/2 



J (0.01)(0.025) 
P = 65.0 kN 



Allowable Bearing Stress: For the bearing area 



allow 



A ' 



220 10' 



6 



P/2 



1 (0.005)(0.025) 
P = 55.0 kN (Controls!) 



Ans. 
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* 1-100. The hanger is supported using the rectangular 
pin. Determine the required thickness t of the hanger, and 
dimensions a and b if the suspended load is P = 60 kN. 
The allowable tensile stress is (cr ? ) allow = 150 MPa, the 
allowable bearing stress is (cr 5 ) allow = 290 MPa, and the 
allowable shear stress is T allow = 125 MPa. 



20 mm 




37.5 mm 



Allowable Normal Stress: For the hanger 
P , ^ 60(10 3 ) 

(^)auow = ~f 150(10') = ^J. 

t = 0.005333 m = 5.33 mm 
Allowable Shear Stress: For the pin 

_ .v. 12 ,ho^ - 30(1 ° 3) 

r allow - - 125(10 j - j—^ 

b = 0.0240 m = 24.0 mm 
Allowable Bearing Stress: For the bearing area 
P ( ^ 30(10 3 ) 

= a> 29 °( 106 ) = md~ a 

a = 0.00431 m = 4.31 mm 



Ans. 



Ans. 




Ans. 
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300 kN 

i 




a 










"30° 






a 



•1-101. The 200-mm-diameter aluminum cylinder supports 
a compressive load of 300 kN. Determine the average normal 
and shear stress acting on section a-a. Show the results on a 
differential element located on the section. 

Referring to the FBD of the upper segment of the cylinder sectional through a-a 
shown in Fig. a, 

+/2iV = 0; K-a ~ 300 cos 30° = 0 N a _ a = 259.81 kN 
+\2iy = 0; V a - a - 300 sin 30° = 0 V a - a = 150 kN 



Section a-a of the cylinder is an ellipse with a = 0.1 m and b 



0.1 



A a - a = 7T ab = 77(0.1) 



0.1 



cos 30 c 



cos 30' 



m. Thus, 



0.03628 m 2 . 



\ N a - a 259.81(10 3 ) 
T a - a ) mg = = - A ^\ 0 = 7.162(10 6 ) Pa = 7.16 MPa 



0.03628 



\ V a - a 150(10 3 ) 
ra-a)^ = i LJL = 777^ = 4.135(10 6 ) Pa = 4.13 MPa 



0.03628 



Ans. 



Ans. 



The differential element representing the state of stress of a point on section a-a is 
shown in Fig. b 



> 













r 



1-102. The long bolt passes through the 30-mm-thick 
plate. If the force in the bolt shank is 8 kN, determine the 
average normal stress in the shank, the average shear stress 
along the cylindrical area of the plate defined by the section 
lines a-a, and the average shear stress in the bolt head along 
the cylindrical area defined by the section lines b-b. 



8 (10 3 ) 



( T avg)a A 
( T avg)fr 



A f (0.007) 2 

V 8 (10 3 ) 



= 208 MPa 



A 77 (0.018)(0.030) 

V _ 8 (10 3 ) 
A ~ 77 (0.007)(0.008) 



4.72 MPa 



45.5 MPa 



Ans. 



Ans. 



Ans. 




30 mm 
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1-103. Determine the required thickness of member BC 
and the diameter of the pins at A and B if the allowable 
normal stress for member BC is cr allow = 29 ksi and the 
allowable shear stress for the pins is T allow = 10 ksi. 

Referring to the FBD of member AB, Fig. a, 

C + 2M A = 0; 2(8)(4) - F BC sin 60° (8) = 0 F BC = 9.238 kip 

■i ZF X = 0; 9.238 cos 60° - A x = 0 A x = 4.619 kip 

+ / \ZF y = 0; 9.238 sin 60° - 2(8) + A y = 0 A y = 8.00 kip 

Thus, the force acting on pin A is 

F A = 2 A\ + A 2 y = 2 4.619 2 + 8.00 2 = 9.238 kip 




Pin A is subjected to single shear, Fig. c, while pin B is subjected to double shear, 
Fig. b. 



V A = F A = 9.238 kip V B 



9.238 



4.619 kip 



For member BC 
_ F BC 

V allow — A •> 
Ave 



29 



9.238 
1.5(0 



User 



t = 0.2124 in. 
1 . 



For pin A, 

V A 



''"allow 



A, 



10 ~Y^r d A 

4 a A 



m. 



1.085 in. 



Ans. 



.1 



For pin B, 



''"allow 



Ai 



Use d A = 1- in 



= 4^ d B = 0.7669 in 



Ans. 



4 UB 



Use d B 



13 
16 



m 



Ans. 




1 

1 




L 






> 





zC6) tip 

(CL) 
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*1-104. Determine the resultant internal loadings acting on 
the cross sections located through points D and E of the frame. 



Segment AD: 

^ ZF X = 0; 
+ l^F y = 0; 
C = 0; 

Segment CE: 
/+2F r = 0; 



\+*2F y = 0; 



C+2M £ = 0; 



N D - 1.2 = 0; N D = 1.20 kip 
V D + 0.225 + 0.4 = 0; V D = -0.625 kip 
M D + 0.225(0.75) + 0.4(1.5) = 0 
M D = -0.769 kip -ft 



N E + 2.0 = 0; 

v E = o 

M E = 0 



N, 



-2.00 kip 







4 0* 



150 lb /ft 



Ans. 
Ans. 

Ans. 

Ans. 
Ans. 
Ans. 



4 ft 




•1-105. The pulley is held fixed to the 20-mm-diameter 
shaft using a key that fits within a groove cut into the pulley 
and shaft. If the suspended load has a mass of 50 kg, 
determine the average shear stress in the key along section 
a-a. The key is 5 mm by 5 mm square and 12 mm long. 



C +2M 0 = 0; F (10) - 490.5 (75) = 0 



F = 3678.75 N 

V 3678.75 



T avg 



A (0.005)(0.012) 



61.3 MPa 




3 673 IS 



Ans. 
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1-106. The bearing pad consists of a 150 mm by 150 mm 
block of aluminum that supports a compressive load of 
6 kN. Determine the average normal and shear stress acting 
on the plane through section a-a. Show the results on a 
differential volume element located on the plane. 



6kN 



Equation of Equilibrium: 

+S^F X = 0; V a - a - 6 cos 60° = 0 



\+^F y = 0; 



3.00 kN 
= 5.196 kN 



Averge Normal Stress And Shear Stress: The cross sectional Area at section a-a is 



Ans. 



(0.15) = 0.02598 m 2 . 
Vsin60V v ) 




A 



5.196(10 3 ) 
0.02598 



200 kPa 



Va- 



3-00(100 

Ta-a = —~T H5 kPa 



0.02598 



Ans. 




1-107. The yoke-and-rod connection is subjected to a 
tensile force of 5 kN. Determine the average normal stress 
in each rod and the average shear stress in the pin A 
between the members. 

For the 40 - mm - dia rod: 



5kN. 



40 mm 



O"40 



A 



5 (10 3 ) 

\2 



= 3.98 MPa 



f (0.04) 

For the 30 - mm - dia rod: 

V 5 (10 3 ) 
<?30 = — A = — ^ = 7.07 MPa 
30 A f (0.03) 2 

Average shear stress for pin A: 
P 2.5 (10 3 ) 




30 mm 



25 mm 



5kN 



A f (0.025) 2 



5.09 MPa 



Ans. 



Ans. 



43 
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*1-108. The cable has a specific weight y (weight/volume) 
and cross-sectional area A. If the sag s is small, so that its 
length is approximately L and its weight can be distributed 
uniformly along the horizontal axis, determine the average 
normal stress in the cable at its lowest point C. 




Equation of Equilibrium: 
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